Background: A wide selection of Interdental Oral Hygiene (IOH) aids is available to
METHODS
The following focused question was constructed according to the Population, Intervention, Comparison, Outcome measures (PICO) 16 approach: "For individuals physically able to perform oral hygiene tasks, will any specific means of interproximal tooth cleaning lead to greater reduction in plaque accumulation, gingival inflammation, and pocket depth reduction in comparison to other means of interproximal tooth cleaning, or tooth brushing alone?" Reduction in gingival inflammation was assessed as the primary outcome, whereas reductions in plaque and probing depth were assessed as secondary outcomes. Gingival inflammation was measured by Gingival Index (GI) 14 and bleeding on probing (BOP). 15 Reporting of this study was performed according to PRISMA guidelines (Moher et al. 2009 ). 16 
Selection criteria
The criteria for inclusion of studies for this systematic review and network meta-analysis were: a) randomized clinical trials; b) assessment of IOH methods performed by physically competent persons; c) report of outcomes measuring gingival inflammation, plaque, or probing depth; and d) at least 2 weeks of follow-up. Exclusion criteria were: a) uncontrolled clinical studies, nonrandomized clinical studies; and b) less than 10 patients in each study group.
Search strategy
To identify potentially eligible studies, an initial search of titles and abstracts relevant to the PICO question was performed from 1/1/1980 through 04/17/2015 using three electronic databases: Ovid Medline (including Ovid Medline InProcess), EMBASE, and Web of Science. A combination of keywords, MeSH terms and Boolean operators was used for the search. The full search strategy for the Ovid search is provided in supplementary 17 guidelines for methodological quality of systematic reviews. Full-text articles were then read independently and in duplicate by the two reviewers for final inclusion based on the predefined selection criteria. In case of disagreement between the two reviewers, the opinion of a third reviewer (M.J.) was considered definitive. Interreviewer agreement was recorded at each phase of study selection and assessed with the Cohen's kappa ( ) coefficient. 18 
Data extraction
Two reviewers (G.K. and A.I.) independently extracted the following data: year of publication, location of data, source(s) of funding, number of participants in each arm, number of interventions, and outcomes for each study. Data were entered in an electronic sheet.
Quality assessment
Included studies where assessed for bias according to the recommendations of the Cochrane Handbook of Systematic Reviews for evaluation of randomized-controlled trials by two reviewers (G.K. and M.J.). Particularly, we assessed selection bias, performance bias, detection bias, attrition bias and reporting bias. Each study was assigned "Low risk," "High risk," or "Unclear risk" of bias according to previously reported methodology. 19 1.5 Statistical analysis
Bayesian network meta-analysis
Because of the small sample size reported in most published studies, results from traditional pairwise meta-analyses may not be reliable. In addition, most of the comparisons in previous systematic reviews were based on fewer than three studies, which precludes the use of pairwise random effects meta-analyses. BNMA, also known as mixed treatments comparisons, extends traditional Bayesian meta-analyses of two treatments to simultaneously incorporate the findings from several studies on multiple treatments. 13, [20] [21] [22] [23] BNMA borrows strength from indirect evidence, which can improve statistical efficiency and reduce potential bias.
For the present analysis, a random effect arm-based (AB) NMA model 23, 24 was used for each outcome, allowing the inclusion of all the possible treatment comparisons. The detailed description of the model can be found in the Appendix. Noninformative priors were used for the fixed effects throughout the analysis to minimize the impact of prior information on results. Weakly informative priors were used for the covariance matrices. JAGS software (version 3.4.0) via the "rjags" package in R software * was used to sample from the joint posterior distribution using Markov Chain Monte Carlo (MCMC) methods. The posterior samples were drawn by Gibbs sampling algorithms. 25 The marginal distributions of the parameters of interest were summarized by the posterior medians and 95% credible intervals (95% CIs). Four chains of 100,000 MCMC samples were saved after 50,000 burn-in, and convergence was assessed using trace plots and GelmanRudin statistic. 26 
Ranking interventions
The Bayesian network meta-analysis allowed us to not only assess pairwise but also assess global efficacy ranking among the interventions. The posterior distribution of the rank of each treatment for each outcome was obtained. The probability of each treatment being the best intervention was also calculated. The "best intervention" was identified as the one with the highest estimated posterior probability of ranking first among all the tested interventions.
The ranking probability was sensitive to small changes in the posterior distribution. As another ranking measure that not only uses the first but summarizes all rankings for a partic- * Comprehensive R Archive Network -https://cran.r-project.org/ ular intervention, the surface under the cumulative ranking was estimated. 9, 27 The larger the SUCRA value for the k th intervention, the higher its overall rank among the available intervention options. SUCRA would equal "1 ″ when an intervention was unequivocally the best, and "0 ″ when an intervention was the worst.
RESULTS
The search strategies identified 615 unique titles and abstracts. 
Risk of bias assessment of included studies
We evaluated selection bias, performance bias, detection bias, attrition bias, reporting bias, and other bias in 22 selected articles. 10, Four studies were assessed as having a low risk of bias (Rosema, 2011; Zimmer, 2006; Mythri, 2015; Jackson, 2006 ;), 10, [28] [29] [30] whereas one study as having high risk of bias (Walsh, 1989) . 31 The remaining included studies were judged as having unclear risk of bias. Results are presented in supplementary Figure 2 in the online Journal of Periodontology.
Study characteristics
The present systematic review identified 22 randomized trials that investigated 18 interventions or combinations thereof against toothbrushing controls. 10,28-48 The interventions could be further grouped into 10 major IOH method categories including flossing (FL), powered flossing (FL2), toothpicks (TP), toothpicks and intensive oral hygiene instructions (TO), water jet irrigation devices (WJ), interdental brushes (IB), gum massaging devices (MD), toothbrush only (Ctrl), powered, electric, sonic toothbrush (Powered Ctrl), Powered control and water jet (PW) ( Table 1) . Number of participants per study arm ranged from N = 10 (Kazmierczak et al. 1994) 37 to N = 110 (Bauroth et al. 2003) . 33 All of the included studies reported on reduction in gingival inflammation; the majority used the modified Quigley index whereas two studies (Walsh et al. 1985 , Rosema et al. 2011 ), 10, 35 only reported percentages (%) of sites that bled on probing (BOP). Regarding plaque removal, two studies only provided plaque [29] [30] [31] [32] [33] [34] 36, 41, 48 with the remaining studies not reporting funding (Table 2 ).
Results of NMA
As mentioned above, the interventions reported in the N = 22 included studies were grouped into 10 group nodes. Figure 1 demonstrates the network plots for the primary outcome using two measures (GI, BOP). The network plots revealed that the maximum number of intergroup direct comparisons was N = 6 for the comparison between FL and Ctrl, whereas most of the direct comparisons were limited to one or two studies. These plots exemplify the significance of enabling indirect comparisons by using a network meta-analysis framework ( Figure Table 3 ). Floss (FL) and automated floss (FL2) were also significantly more effective than control in reducing BOP, but the effect size was relatively small for both interventions (FL 95% CI: 5.1%, 10.3%, FL2 95% CI: 2.0%, 11.2%). Notably, IB yielded the highest reduction in GI with a mean of 0.23 (95% CI: 0.09, 0.37). WJ had the second largest effect with a mean reduction of 0.19 (95% CI: 0.14, 0.24). For reduction in PI, IB was more efficacious than the majority of the alternative oral hygiene aids with a mean effect of 0.34 reduction in GI as compared with control (95% CI: 0.12, 0.56) (Table 3) . Notably, only six of the 21 comparisons among active treatments (not involving Ctrl or Powered Ctrl) were statistically significant different than zero for BOP reductions. SUCRA: Surface under the cumulative ranking curve. The larger the SUCRA value for the treatment k, the higher its rank among the available treatment options. SUCRA would be 1 when a treatment is certain to be the best and 0 when a treatment is certain to be the worst.
Treatment ranking
Ranking results were similar when computed probabilities or SUCRA values were used (Table 4) . For BOP reduction, TO and WJ were most likely to be categorized the best among all interventions (70.4% and 12.6%, respectively). IB showed the largest probability for being the best intervention for reducing GI with 64.7% chance followed by WJ (Table 4 , Figure 2 ). The highest SUCRA value for PI was 95.5% for the IB followed by PW. IB also ranked first for PD reduction with the second intervention having almost half its SUVRA value.
Results of intervention ranking showed that IB and WJ consistently ranked high among all intervention, whereas TO was more likely to rank first for BOP reduction (see supplementary 
DISCUSSION
The present BNMA enabled us to quantitatively evaluate OH aids and provide a global ranking of their efficacy. Among 10 IOH aids, interdental brushes and water-jets ranked high among the aids for reducing gingival bleeding. Unsupervised flossing did not yield substantial reductions in gingival inflammation. The present findings are aligned with the recommendations set forth following a consensus meeting during the 11th European Workshop in Periodontology 3 that forced the periodontal community to rethink the recommendation for flossing across groups and levels of periodontal health. The present work corroborates the recommendations derived from the workshop proceedings, which state that flossing cannot be generally recommended for managing gingivitis except for sites where the interdental space is too limited to allow the passage of an interdental brush without trauma. In fact, our meta-analysis did not limit the selection to interproximal hygiene aids to interdental brushes and floss but also suggested that water-jet devices and potentially toothpicks, when used under intensive oral hygiene instruction, may be beneficial homecare aids in the management of gingivitis. Given the prevalence of gingivitis, providing the general public with efficacious alternatives to flossing would likely have significant public health impact. Flossing has received the most attention among IOH aids and is highly recommended by dentists and dental associations alike because of its conceptually superior capability of removing plaque for interdental areas. 50 Therefore, a word of caution regarding the interpretation of findings from the present study is important. The present NMA does not refute the efficacy of flossing for removing interproximal plaque around teeth. The challenge of performing a technically demanding OH habit 51 such as flossing may help explain its relatively poor ranking against other IOH aids. When performed effectively, flossing is likely an efficacious approach against gingival inflammation and potentially dental caries. 52 For example, one study confirmed that daily (weekdays) professional flossing can prevent the incidence of caries in schoolchildren by 40%. 52 Nevertheless, trials assessing the efficacy of self-administered flossing and dental caries have largely failed to show any effect. 53 These findings support the hypothesis that flossing is indeed efficacious, but its effective application is elusive. Our results support that dental floss is not the quintessential IOH method. Persons that are effectively using floss should not be instructed to discontinue their OH habits. Importantly, as suggested by our findings, other OH adjuncts actually have an increased likelihood of being effective in reducing gingival inflammation, such as interdental brushes, waterjet devices and dental toothpicks with the appropriate OH instruction.
A strength of the present study that allowed the comparison of multiple interventions despite the limited number of studies offering direct comparisons lies in the use of a random effects arm-based NMA model 5, 6, 23, 24 This model allowed the inclusion of all the possible treatment comparisons in the meta-analyses for each of the outcomes as compared with previous meta-analyses that were limited by the inclusion of only direct estimates in their models. 54, 55 Nonetheless, a limitation of our study is that existing NMA models are restricted to the asynchronous assessment of each of the outcomes. This limitation confounds the interpretation of the results to the extent that treatment ranking varies across models.
The ranking of interventions also differed according to the outcome selected. For example, interdental brushes and toothpicks ranked highest for reductions in plaque (PCR) and gingivitis (BOP), respectively. The lack of modeling techniques allowing the simultaneous assessment of multiple outcomes in meta-analyses hampers our ability to draw more definitive conclusions when multiple outcomes are considered similarly relevant. Finally, in future studies it would also be relevant to include safety outcomes, such as gingival trauma and patient-related outcomes in the global ranking, which could not be captured in the present study.
Further limitations of the present study were the small number of studies involving certain interventions, and the heterogeneity in the sample populations and the methods of IOH instruction. Walsh et al. (1985) 35 used toothpicks followed by intensive oral hygiene instruction in one arm of a multiarm clinical trial. This group performed very well in terms of reduction in bleeding on probing as compared with other test groups and as a result following indirect comparisons for model estimation this intervention was ranked as having the highest probability of being the best for BOP reduction. However, inclusion of only one study with this intervention warrants cautious interpretation of the results as it is unclear whether the benefit was caused by the use of the IOH aid or the intensive oral hygiene instruction employed in this study. Furthermore, the lack of information related to participants' periodontal status in a large number of included studies precluded drawing any conclusions related to the performance of various aids in persons with a pristine versus a reduced periodontium. It has been well known that the proximal attachment loss observed in periodontitis alters the topography of the interdental region and modifies the performance of IOH aids. 56 Christou et al. 56 reported that in persons with periodontitis, use of floss led to 50% less reduction in plaque levels as compared with use of interdental brushes. One plausible explanation is the lack of papillary guidance. The design of the dental floss has been grounded upon the presence of a soft tissue peak in the pyramidal proximal space that separates the sulcular epithelia of two adjacent teeth. On the other hand, the interdental brush requires a certain space availability to enter the interdental region and remove plaque. Last, gingival inflammation is a physical indicator of oral health, but patient-oriented outcomes are preferred for clinical decisionmaking. 57 Comprehensive patient-oriented concepts such as oral health-related quality of life would allow to measure the total effect on the patients' perceived oral health, not only on specific parameters of gingival health.
CONCLUSION
In summary, our network meta-analysis demonstrated that unsupervised flossing does not yield substantial reduction in gingival inflammation. Among 10 IOH aids, interdental brushes and water-jets ranked high among other aids for reducing gingival bleeding. Selection of a single IOH aid as the gold standard is not possible based on existing data as their effectiveness depends on ease of use, appropriate instruction and interdental anatomy and periodontal status. Most importantly, the patient-perceived benefit of the IOH aids is not clear because most studies investigated disease-oriented outcomes of gingival health, providing only limited information what matters to patients.
In the absence of strong evidence about IOH aids differences in the impact on patients, practitioners should customize IOH aid recommendations and offer alternatives rather than insisting on instruction on the use of a universally recommended cleaning aid. Further well designed and appropriately powered clinical trials are warranted to provide more authoritative guidelines on IOH selection.
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indicates baseline measure and = 2 indicates endpoint measure. We assume that the observed outcomeȳ ikl follows a normal distribution with group-specific true mean ikl and variance 2 ikl ∕n ikl , i.e.,ȳ ikl ∼ N( ikl , 2 ikl ∕n ikl ). We adopt a random effect models for ikl , which can be described as following: ikl = kl + v ik + w il , where kl is the fixed mean effect of treatment for outcome . The parameters v ik and w il are two independent study-specific random effects that account for the heterogeneity in treatment effects and outcomes across the trials, respectively. We assume that v ik = (v i1 , v i2 , ⋯ , v iK ) T ∼ N K (0, Σ) and w il = (w i1 , w i2 ) T ∼ N 2 (0, Λ). The covariance matrix Σ captures the possible correlations between the K treatments, whilst the covariance matrix Λ captures the correlation between the baseline and endpoint measurements. Here, we treat the aggregated baseline and endpoint value as two separate outcomes for each study because we do not have information on the estimated variance of the difference between these two measurements in each study. The relative treatment effect between treatment and treatment can be summarized as d bk = ( b2 − b1 ) − ( k2 − k1 ). We place noninformative normal priors N(0,1000) on the fixed effects. We assign inverse Wishart priors on the covariance matrices: Σ ∼ IW(R 1 , df 1 ) and Λ ∼ IW(R 2 , df 2 ). The parameters in the inverse Wishart priors are selected to ensure relatively diffuse prior distributions on the covariance matrices, but not assign excessive probability on very large (unrealistic) values. Specifically, the degrees of freedom df 1 and df 2 are chose to be the dimensions of Σ and Λ, respectively. The off-diagonal elements of R1 and R2 are 0.005, whereas diagonal elements are equal to 1.
